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CHAPTER9
BOILERS

9-1. Minimum maintenance activities for boilers

The tables located at the end of this chapter indicate items that must be performed to maintain systems
and equipment at aminimum level of operational readiness. The listed minimum action items should be
supplemented by manufacturer-recommended maintenance activities and procedures for specific pieces of
equipment. Maintenance actions included in this section are for various modes of operation, subsystems,
or components. Table 9-1 provides maintenance information for packaged heating boilers. Table 9-2
provides maintenance information for boiler system instrumentation and electrical systems.

9-2. General maintenancefor boilers

This section presents genera instructions for maintaining the types of components associated with
boilers.

a. Exercisevalves. Exercise dl valvesin the heating boiler system.
(1) Inspect packing gland and tighten if necessary.
(2) Check for correct positioning and operation.
(3) Check for leaking seals.
(4) Adjust operator linkages and limit switches on control valves.

b. Testalarms. Verify that the horns sound and all annunciator lights illuminate by pressing the
appropriate test push buttons. Press the ACKNOWLEDGE and RESET push buttons when proper
operation has been confirmed.

c. Lubricate rotating equipment. Grease al zerks at the manufacturer-recommended service interval.
Grease gently with a handgun to avoid damage to grease seals. Do not overgrease.

(1) Ball or roller bearings tend to heat up when overgreased and will cool down to normal running
temperatures when the excess grease either oozes out or iswiped off. The normal operating temperature
of abearing may be well above 140°F which is"hot" to touch. Temperatures should be checked with a
thermometer and any temperature readings over 180°F should be questioned. If adrop of water placed on
a bearing sizzles, the bearing is in distress and should be changed before it seizes and ruins the shaft. For
sleeve bearing assemblies with oil reservoirs, service reservoirs at manufacturer-recommended interval
with recommended viscosity lubricating oil. Do not overfill reservoir as overheating may result. When
new sleeve bearing units are placed in service, drain and flush the oil reservoir after about two weeks of
operation and refill the reservoir with new lubricating oil of the proper viscosity.

(2) During equipment overhauls, bearing assemblies should be thoroughly cleaned, inspected, and
adjusted in accordance with the manufacturer's recommendations. All old grease should be removed from
bearings and the bearings repacked with grease a minimum of every two years. Monitor the operation of
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all recently installed bearings. Check for overheating (alignment, lubrication), vibration (alignment),
loose collars, fasteners, etc. Early problem detection can avoid early failure and costly replacement.

d. Belt drives. When belt replacement is required replace multiple belts as a set. Loosen drive motor
mounting, and slide motor toward driven shaft so that belts may be installed by laying belts onto pulleys.
Do not lever belts onto pulleys. Check belt tension several times during first 48 hours that new belts are
in operation, and adjust belt tension as required.

(1) When belt tension adjustment is required, consult the belt manufacturer's literature for the
proper tension force (and belt deflection to achieve that force). Deflect each belt at the midpoint between
the pulleys to the deflection recommended, and read the belt tension. Adjust the tension as required.
Many belts have an initia run-in period tension (usually about 48 hours) and then a broken-in tension.
Generdly, if the tension reading differs more than 2 pounds from the recommended reading, the belt
tension should be adjusted. If abelt tension measuring device is not available, belt tension may be
checked by observing the deflection when pressing down on each belt at about the midpoint between the
pulleys. If thetension is correct, the belt deflection will be about one belt thickness for each 4 feet of
center-to-center distance between the pulleys. Caution should be used in using this method because there
are many different belt designs available for the same service and each belt design may have different
tension and deflection characteristics. To tension the belts, loosen the motor hold-down bolts. Move the
motor away from the driven shaft to increase the tension and toward the driven shaft to decrease the
tension. (If the motor is on adlide base, it will not be necessary to loosen the motor hold-down bolts.
Adjustment is accomplished using the dlide base positioning screw.) Tighten the motor hold-down bolts.
Run the equipment for a short period of time, and then check the belt tension.

(2) When drive adignment is required, lay a straightedge across both the driver and driven pulleys.
The straightedge should contact each pulley in two places. If the pulleys are not aligned, verify that the
drive shaft and driven shaft are parallel. If the shafts are not parallel, adjust the motor so the shafts are
parallel. When the shafts are parallel, adjust the positions of the pulleys on the shafts to achieve
alignment. Verify that the driven pulley isin the correct position on the driven shaft and that the pulley is
firmly locked in place. Loosen the pulley on the motor shaft, and move the pulley into alignment with the
driven pulley. Tighten the pulley on the shaft, install and tension the drive belts, and run the equipment
for ashort period of time. Check drive aignment and adjust as required.

e. Packing adjustment. Occasional packing adjustment may be required to keep leakage to a slight
weep; if impossible to reduce leakage by gentle tightening, replace packing. A slight weeping through the
packing gland is required so that the process fluid provides lubrication for the packing material. Maintain
a supply of the recommended type and size of packing required for the equipment. Do not substitute one
type of packing with another without verifying the packing types are compatible. Do not use oversized
packing. If diameter of oversized packing isreduced by hammering, early failure of packing may result.
A too tight packing joint may interfere with equipment operation, can damage equipment, and, again, may
result in early failure of the packing. The procedure to follow when replacing packing is as follows.

(1) Removeadl old packing.

(2) Inspect shaft for wear and replace as required.

(3) Use proper size packing and cut packing into rings using the shaft as a guide. When cutting to
length, hold packing tightly around shaft but do not stretch packing. Cut with a butt joint. Do not wind
packing around shaft.

(4) Thoroughly clean shaft and housing.
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(5) Ingtall onering at atime. Oil or grease lubrication, if permitted, will assist when packing the
ring into the box. Offset joints of each succeeding ring by at least 90 degrees from the previous ring.

(6) If shaft isequipped with alantern ring, be sure that lantern ring is dightly behind lubrication
hole in stuffing box; otherwise, the lantern ring will move forward when the gland is taken up and the
packing behind the ring may plug the lubrication hole.

(7) Tighten the gland bolts all the way to seat the packing. Then loosen the nuts until the nuts are
finger tight. In most applications, newly installed packing should be allowed to leak freely on startup.
After startup, tighten packing gland until only 2 to 3 drops a second are leaking. Do not try to stop
leakage entirely. The leakage lubricates the packing and prevents early failure of the packing and shaft.

f. Mechanical seals. There are many different mechanical seal designs. Asaresult, thereisno
standard procedure for maintaining and installing mechanical seals. Mechanical seal installations
commonly fail because the seal was not placed in the correct position. Seal faces may wear rapidly
resulting in early seal failure if the spring has too much initial compression. This results in too much
force between the faces of the seal which does not alow proper lubrication of the surfaces. Alternately, if
the spring has too little initial compression, the seal faces separate at normal operating pressures and leak.
It isimportant that manufacturer's information for the seals used be obtained and closely followed. In
general, there are four critical requirementsin any seal installation as follows.

(1) Determine that the equipment is ready to have the seal installed, shaft and seal housing have
been inspected and repaired as required, and the components have been thoroughly cleaned.

(2) Placethe seal in the correct position for the right operating length (consult manufacturer's
data).

(3) Prevent damage to seal rings.
(4) Prevent damage to seal faces.

g. Clean all equipment. Clean equipment is easier to inspect, lubricate, and adjust. Clean equipment
also runs cooler and looks better.

h. Safety relief valve test (steam boilers). As precautionary measures, all personnel concerned with
conducting a pop or capacity test should be briefed on the location of all shutdown controls in the event of
an emergency, and there should be at least two people present. Care should be taken to protect those
present from escaping steam.

(1) Every 30 daysthat the boiler isin operation or after any period of inactivity, atry lever test
should be performed as follows. With the boiler under aminimum of 5 psi pressure, lift the try lever on
the safety valve to the wide open position and allow steam to be discharged for five seconds to 10
seconds. Release the try lever, and allow the spring to snap the disk to the closed position. If the valve
simmers, operate the try lever two or three times to allow the disk to seat properly. If the valve continues
to ssimmer, it must be replaced or repaired by an authorized representative of the manufacturer. Inspect
the valve for evidence of scale or encrustation within the body. Do not disassemble valve or attempt to
adjust the spring setting. It is advisable to have a chain attached to the try lever of the valve to facilitate
this test and allow it to be conducted in a safe manner from the floor. The date of this test should be
entered into the boiler logbook.
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(2) A pop test of asafety valve is conducted to determine that the valve will open under boiler
pressure within the allowable tolerances. 1t should be conducted annually, preferably at the beginning of
the heating season if the boiler is used only for space heating purposes. Hydrostatic testing (using water)
is not to be considered an acceptable test to check safety valve opening pressure. A recommended
procedure is as follows.

(a) Establish necessary trial conditions at the particular location. Where necessary, provide
adequately supported temporary piping from the valve discharge to a safe location outside the boiler
room. In some installations, temporary ventilation may dispose of the steam vapor satisfactorily. Review
preparation for test with personnel involved. All such tests should have at least two people present.

(b) Install temporary calibrated test pressure gauge to check accuracy of boiler gauge.

(c) Isolate the boiler by shutting the stop valves in the steam supply and condensate return
piping.

(d) Temporarily place jumper leads across the appropriate terminals on the operating control
to demonstrate the ability of the high-limit pressure control to function properly. After this has been
checked, place another set of jumper leads across the high-limit pressure control terminals to permit
continuous operation of the burner.

(e) The safety valve should pop open at an acceptable pressure, i.e, 15ps +2 psi. A
simmering action will ordinarily be noticed shortly before the valve pops to the open position.

(H If the valve does not open in the 13 psi to 17 psi range, it should be replaced. It isnot
necessarily a dangerous situation if the valve opens below 13 psi, but it could indicate a weakening of the
spring, improper setting of the spring, etc. If the valve does not open at 17 psi, shut off the burner and
dissipate the steam to the system by slowly opening the supply valve.

(g) If the valve pops open at an acceptable pressure, immediately remove the jumper leads
from the high-limit pressure control. The burner main flame should cut off as soon as the jumper leads
are removed.

(h) The safety valve will stay open until the pressure drops sufficiently in the boiler to allow it
to close, usually 2 psi to 4 psi below the opening pressure. This pressure drop (blowdown) is usually
indicated on the safety valve nameplate.

(i) Relievethe higher pressure steam to the rest of the system by slowly opening the steam
supply valve. After the boiler and supply piping pressures have become equalized, open the return valve.

(1) Remove the jumper leads from the operating control and check to make certain that it
functions properly. Thisis best done by alowing it to cycle the burner on and off at least once.

(k) Enter the necessary test data into the boiler logbook.

i. Safetyrelief valve test (water boilers). At try lever, test and pop test should be performed for water
boilers as described below.

(1) Every 30 daysthat the boiler isin operation or after any prolonged period of inactivity, atry
lever test should be performed as follows.
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(a) Prior to the test, check the safety relief discharge piping to make sureit isinstalled and
supported so this test does not transmit any stress or strain to the body of the safety relief valve.
(b) Check and log the operating pressure and temperature of the system.
(c) Shut off circulating pump and fuel burning equipment.

(d) Isolate the boiler from the system, leaving the expansion tank valve and the automatic fill
valve open.

(e) Withthe boiler at operating pressure, lift the try lever to the full open position and hold it
open for at least five seconds or until clean water is discharged.

(N Releasethe lever and alow the spring to snap to the closed position. If the valve leaks,
operate the try lever two or three times to clear the seat of any foreign matter that is preventing proper
seating. As safety relief valves are normally piped to the floor or near afloor drain, it may take some
time to determine if the valve has shut completely.

(g) If the safety relief valve continuesto leak, it must be replaced before the boiler is returned
to operation.

(h) After it has been determined that the safety relief has shut completely, add water to the
boiler until the pressure rises to the initial pressure which was logged at the start of the test.

(i) Open the valvesto the system.
() Startthecirculating pump.
(k) Start the fuel burning system.

(I) Observe the pressure and temperature until the system returns to operating conditions and
operating control has cycled the burner on and off at least once.

(m) Check again to ensure that the safety relief valve is not leaking.

(2) A pop test (pressure relief valve) should be performed annually, preferably at the beginning of
the heating season, if the boiler is shut off during the summer months. The following procedure should
be reviewed by the person in charge of the test with at least one other person, and trial conditions should
be determined.

(a) lsolate the boiler from the rest of the heating system by closing the supply and return
valves. On large water content boilers, the expansion tank may also be isolated to speed up pressure rise.

(b) Check the safety relief valve discharge piping to make sure it isinstalled and supported so
that this test does not transmit any detrimental stress to the body of the safety relief valve.

(c) Temporarily install a calibrated pressure gauge and thermometer to check the accuracy of
the boiler pressure gauge and thermometer or remove gauge and thermometer and check calibration and
reinstall prior to test.

(d) Perform atry lever test prior to the beginning of the pop test.
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(e) Check and log the system operating pressure and temperature.

(f) Shut off circulating pump and fuel burning equipment.

(g) If an automatic water feeder is provided, close the boiler water inlet valve.
(h) Turn on the fuel burning equipment.

(i) Place jumper leads across the appropriate terminals of the operating temperature control
and check the operation of the high-temperature cutout.

() If the high-temperature cutout functions properly, place jumper leads across the
appropriate terminals of the high-temperature cutout to permit continuous operation of the burner.

(k) Make sure that all personnel are clear of the safety relief valve discharge. On boilers
having a small water storage capacity, very little heat will be required to raise the boiler pressureto
the popping pressure of the safety relief valve.

() The safety relief valve should open within an acceptable range above or below the set
point. Thisrangeis+2 psi for valves set to open a 70 psi or less and +3 percent of set pressure for valves
set to open at more than 70 psi.

(m) If the safety relief valve does not open at the set pressure plus the allowable tolerance, shut
off the fuel burning equipment and do not operate the boiler until the safety relief valve has been
replaced.

(n) Observetherising pressure and temperature of the boiler, and log the pressure at which the
safety relief valve opens. As soon as the safety relief valve opens, turn off fuel burning equipment by
removing jumper leads and record safety relief valve closing pressure.

(o) If the safety relief valve opens at a pressure below the allowable tolerance, thisis not
necessarily a dangerous condition, but it can indicate a deteriorating condition or improper spring setting.
The vave should be replaced.

(p) When the safety relief valve opens, it will discharge a mixture of water and vapor. The
valve will remain open until a closing pressureis reached. This pressure may be 20 percent to 50 percent
below the set pressure of the valve. There are no blowdown tolerance requirements for safety relief
valves.

(q) After the safety relief valve has closed, add water to the boiler, if necessary, until the boiler
pressure rises to the initial system operating pressure that was logged at the start of the test.

(r) Open the supply and return valves to the system and expansion tank valve, if closed, and
open the boiler water inlet valve if an automatic water feeder is provided.

(s) Start the circulating pump.

(t) Startthefuel burning egquipment.
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(u) Observe the pressure and temperature until the system returns to operating conditions and
the operating control has cycled the burner on and off at least once.

(v) Check again to ensure that the safety relief valve is not leaking.
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Table 9-1. Packaged heating boiler

Packaged Heating Boiler

Action Frequency
System
Check and record pressure and temperature readings. shift
Perform walk-around inspection of boiler system. Make routine adjustments and
repairs when discovered if possible; initiate report orders for items that cannot be day

corrected at inspection. Tag deficient devices to aert others that item needs repair.

Inspection should observe all operating equipment and look, listen, and feel for unusual conditions.

Inspection should include:

Feedwater system (pumps operating, valves open, chemical treatment operating). day
Safety valves leaking or smmering. day
Water level controls operating. day
Filters and strainers are not plugged. day
Devices such as steam traps, drain cooling valves, etc., are operating properly. day
For fuel oil fired systems, level of fuel oil is adequate and fuel feed equipment is

operating properly. day

Safety and Ignition Devices

Inspect, operate, and report on all safety and ignition devices. Report all deficiencies found. Where
possible, make required adjustments or repairs to device during inspection. Otherwise, tag device to
alert others to deficiency and initiate repair order. Devicesto be inspected and tested include:

All systems:
Pressure relief valves. mo
All low water shutoff devices. mo
All flame detecting devices and operation of flame supervisory control
system. mo
Ignition transformer. mo
Modulating motor transformer. mo
Combustion air proving switch. mo
Combustion air control damper. mo
Steam Boilers:
Operating limit pressure control. mo
High limit pressure control. mo
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(continued)

T™ 5-692-1

Packaged Heating Boiler

Action Freguency
Modulating pressure control. mo
Hot Water Boilers:
Operating limit temperature control. mo
High limit temperature control. mo
M odulating temperature control. mo
Gas Fired Boilers:
Gas pilot solenoid valve. mo
Gas pilot solenoid vent valve. mo
Gas pilot pressure regulating valve. mo
Main gas pressure regulating valve (if required). mo
Main gas modulating cam. mo
Main gas solenoid valve. mo
High gas pressure shutdown switches. mo
Main gas solenoid vent valve. mo
Low gas pressure shutdown switches. mo
All Oil Fired Boilers:
Oil drawer switch. mo
Atomizing air proving switch. mo
Low il pressure shutdown switches. mo
Main oil solenoid valve. mo
Fuel ail controller. mo
Heavy Oil Fired Boilers:
Startup electric oil heater thermostat. mo
Main oil heater thermostat. mo
Low oil temperature switch. mo
High oil temperature switch. mo
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Table 9-1. Packaged heating boiler  (continued)

Packaged Heating Boiler

Action Frequency
Fan, Pump and Other Rotating Equipment
Observe operation and check for unusual noises, vibration, and overheating.
Investigate and report all unusual conditions. When possible, make adjustments and day
repairs when condition is observed. When immediate correction cannot be
accomplished, initiate work order and tag equipment to alert others of condition.
L ubricate equipment:
Sleeve bearings. mo
Ball bearings. 3 mos
Roller bearings. mo
For belt driven equipment, check condition of drive belts and pulleys, and belt mo
tension. Replace components, and adjust belt tension as required.
Thoroughly inspect equipment (partial disassembly may be required) and service yr
equipment in accordance with manufacturer’ s recommendations.
Strainers and Filters
Check pressure drop across strainer and filter elements. Clean or replace element if week
pressure drop exceeds design value.
Clean al filters and strainers. 3 mos
Steam Traps
Check temperature on both sides of steam trap. If above the boiling point several feet
past the steam trap, it has failed in the open position. 3 mos
Burner Assembly
Visually check flame during operation. Investigate unusual conditions and make
adjustments to burner, combustion air, and fuel train to achieve optimum air-fuel week
ratios. Perform value gas analysis as required.
Perform flue gas analysis and adjust burner as required. 3 mos
Clean and inspect burner assembly and combustion control equipment. Adjust or 6 Mos
repair as required.
Rebuild burner assembly in accordance with manufacturer’ s recommendations. yr

Firesde

Inspect combustion chamber and flue gas side of boiler equipment. Report all deficiencies. Make all
possible adjustments and repairs during inspection. For items that cannot be corrected during the
inspection, initiate work orders to correct the conditions. Inspection and routine maintenance to be

performed during the inspection shall include:

9-10
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Packaged Heating Boiler
Action Frequency
Vacuum, brush, or scrape all soot and obstructions from combustion chamber 6 Mos
walls, fire tube walls, and exhaust gas flues.
Inspect refractory liner for deterioration. 6 mos
Inspect metal surfaces for corrosion, cracking, or other deterioration. 6 mos
Waterside
For steam boilers with minimal makeup water requirements (no condensate or
makeup water treatment program — usually small boilers operating at 15 psig or less), 6 mos
drain and flush boiler, and refill boiler with chemically treated, softened, or deionized
water.
For closed loop hot water boilers, drain and flush boiler, and refill boiler with yr
chemically treated, softened, or deionized water.
For steam boilers with water treatment systems:
Verify operation of makeup water and feedwater treatment equipment and
systems. Includes checking levelsin chemical supply tanks and preparing day
additional chemical treatment solutions as required.
Test water and adjust chemical treatment as required. week

9-11
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Table 9-2. Boiler system instrumentation and electrical

Boiler System Instrumentation & Electrical

Action

Freguency

L evel Gauges

Check for accuracy. Recalibrate as required following equipment manufacturer’s
instructions.

yr

Thermometers

Check for accuracy. Remove thermometers from their wells and check against
calibrated thermometer in controller temperature bath.

yr

Pressure Gauges

Isolate pressure gauge by closing the proper valves. Remove and check in afixture
against a calibrated gauge. Adjust as required following equipment manufacturer’s
instructions.

yr

pH Probes

Remove probe from line and rinse with fresh water. Calibrate pH unit in accordance
with manufacturer’ s recommendations.

week

Conductivity Praobes

Remove probe from lien and rinse with fresh water. Calibrate conductivity unit in
accordance with manufacturer’ s recommendations.

week

Motors

Check and clean cooling airflow passages on electric motors as necessary so that
nothing obstructs airflow.

6 mos

All Electrical

Check, clean, and tighten terminals at motors, starters, disconnect switches, etc.

6 mos

Wiring

Check insulation on conductors in starters, switches, and junction boxes at motors for
cracks, cuts, or abrasions. Replace wiring as required and correct cause of damage.

6 mos

9-12




